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VARIANCES  BASED  ON  DATA  WITH  DEAD  TIME  BETWEEN  THE  MEASUREMENTS 

James  A.  Barnes 

Austron,  Inc. 

Boulder,  Colorado  80301 

and 

David  W.  Allan 

Time  and  Frequency  Division 

National  Institute  of  Standards  and  Technology 

Boulder,  Colorado   80303 


The  accepted  definition  of  frequency  stability  in  the  time  domain  is 
the  two-sample  variance  (or  Allan  variance) .   It  is  based  on  the 
measurement  of  average  frequencies  over  adjacent  time  intervals, 
with  no  "dead  time"  between  the  intervals.   The  primary  advantages 
of  the  Allan  variance  are  that  (1)  it  is  convergent  for  many 
encountered  noise  models  for  which  the  conventional  variance  is 
divergent;  (2)  it  can  distinguish  between  many  important  and 
different  spectral  noise  types;  (3)  the  two-sample  approach  relates 
to  many  practical  implementations;  for  example,  the  rms  change  of  an 
oscillator's  frequency  from  one  period  to  the  next;  and  (4)  Allan 
variances  can  be  easily  estimated  at  integer  multiples  of  the  sample 
inteirval . 

In  1974  a  table  of  bias  functions  which  related  variance  estimates 
with  various  configurations  of  number  of  samples  and  dead  time  to 
the  Allan  variance  was  published  [1].   The  tables  were  based  on 
noises  with  pure  power- law  spectral  densities. 

Often  situations  occur  that  unavoidably  have  dead  time  between 
measurements,  but  still  the  conventional  variances  are  not 
convergent.   Some  of  these  applications  are  outside  of  the  time-and- 
frequency  field.   Also,  the  dead  times  are  often  distributed 
throughout  a  given  average,  and  this  distributed  dead  time  is  not 
treated  in  the  1974  tables. 

This  paper  reviews  the  bias  functions  B^CN.r./i),  and  BjCr,/^)  and 
introduces  a  new  bias  function,  B3  (2  ,M,  r  ,/i)  ,  to  handle  the  commonly 
occurring  cases  of  the  effect  of  distributed  dead  time  on  the 
'computed  variances.   Some  convenient  and  easy- to -interpret 
asjrmptotic  limits  are  reported.   A  set  of  tables  for  the  bias 
functions  are  included  at  the  end  of  this  paper. 


Key  words:   Allan  variance;  bias  functions;  data  sampling  and  dead 
time;  dead  time  between  the  measurement;  definition  of  frequency 
stability;  distributed  dead  time;  two- sample  variance 


1 .   Introduction 

The  sample  mean  and  variance  indicate  respectively  the  approximate  magnitude 
of  a  quantity  and  its  uncertainty.   For  many  situations  a  continuous  function 
of  time  is  sampled,  or  measured,  at  fairly  regular  intervals.   Sampling  is  not 
always  instantaneous.   It  takes  a  finite  time  and  provides  an  "average 
reading."   If  the  underlying  process  (or  noise)  is  random  and  uncorrelated  in 
time,  then  the  fluctuations  are  said  to  be  "white"  noise.   In  this  situation, 
the  sample  mean  and  variance  calculated  by  the  conventional  formulas, 

1    N   - 


n=l 


s^  =  -^ZT    I  (yn-™)^ 


(1) 

N 


n=l 


provide  the  needed  information.   The  "bar"  over  the  y  'in  eq  (1)  above  denotes 
the  average  over  a  finite  time  interval.   In  time  and  frequency  work,  y  is 
defined  as  the  average  fractional  (or  normalized)  frequency  deviation  from 
nominal  over  an  interval  r  and  at  some  specified  measurement  time.   As  in 
science  generally,  the  physical  model  determines  the  appropriate  mathematical 
.model.   For  the  white  noise  model,  the  sample  mean  and  variance  are  the 
mainstays  of  most  analyses. 

Although  white  noise  is  a  common  model  for  many  physical  processes,  more 
general  noise  models  are  being  identified  and  used.   In  precise  time  and 
frequency  measurement,  for  example,  there  are  two  quantities  of  great 
interest:  instantaneous  frequency  and  phase.   These  two  quantities  by 
definition  are  exactly  related  by  a  differential.   (We  are  NOT  considering 
Fourier  frequencies  at  this  point.)  That  is,  the  instantaneous  frequency  is 
the  time  rate  of  change  of  phase.   Thus,  if  we  were  employing  a  model  of  white 
frequency-modulation  (white  FM)  noise,  then  the  phase  noise  is  the  integral  of 
the  white  FM  noise,  commonly  called  a  Brownian  motion  or  random  walk. 
Therefore,  depending  on  whether  we  are  currently  interested  in  phase  or 
frequency,  the  sample  mean  and  variance  may  or  may  not  be  appropriate. 
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By  definition,  white  noise  has  a  power  spectral  density  (PSD)  that  is  constant 
with  Fourier  frequency.   Since  random  walk  noise  is  the  integral  of  white 
noise,  the  power  spectral  density  of  a  random  walk  varies  as  1/f^  (where  f  is 
the  Fourier  frequency)  [2] .  We  encounter  noise  models  whose  power  spectral 
densities  are  various  power  laws  of  their  Fourier  frequencies.   Flicker  noise 
is  very  common  and  is  defined  as  a  noise  whose  power  spectral  density  varies 
as  1/f  over  a  relevant  spectral  range.   If  an  oscillator's  instantaneous 
frequency  is  well  modeled  by  flicker  noise,  then  its  phase  would  be  the 
integral  of  the  flicker  noise.   It  would  have  a  PSD  which  varied  as  1/f^ . 

Noise  models  whose  PSD's  are  power  laws  of  the  Fourier  frequency  but  not 
integer  exponents  are  possible  as  well  but  not  as  common.   This  paper 
considers  power-law  PSD's  of  a  quantity  y(t);   y(t)  is  a  continuous  sample 
function  which  can  be  measured  at  regular  intervals.   For  noises  whose  PSD's 
vary  as  f*  with  a  <  -1  at  low  frequencies,  the  conventional  sample  mean  and 
variance  given  in  eq  (1)  do  not  converge  as  N  gets  large  [2,  3].   This  lack  of 
convergence  renders  the  sample  mean  and  variance  ineffective  and  often 
misleading  in  some  situations. 

Although  the  sample  mean  and  variance  have  limitations,  other  time-domain 
statistics  can  be  convergent  and  quite  useful.   The  quantities  that  we 
consider  in  this  paper  depend  significantly  on  the  details  of  the  sampling 
procedures.   Indeed,  each  sampling  scheme  has  its  own  bias,  and  this  is  the 
motivation  for  the  bias  functions  discussed  in  this  paper. 

2.   The  Allan  Variance 

Recognizing  that  for  particular  types  of  noise,  the  conventional  sample 
variance  fails  to  converge  as  the  number  of  samples,  N,  grows,  Allan  suggested 
that  we  set  N  =  2  and  average  many  of  these  two-sample  variances  to  get  a 
convergent  and  stable  measure  of  the  spread  of  the  quantity  in  question  [3]. 
This  is  what  has  come  to  be  called  the  Allan  variance. 


More  specifically  let  us  consider  a  sample  function  of  time  as  indicated  in 
figure  1.   A  measurement  consists  of  averaging  y(t)  over  the  interval  r.   The 
next  measurement  begins  at  a  time  T  after  the  beginning  of  the  previous 
measurement  interval.   There  is  no  logical  reason  why  T  must  be  as  large  as  r 
or  larger- -if  T  <  r,  then  the  second  measurement  begins  before  the  first  is 
completed,  which  is  unusual  but  possible.   When  T  =  r,  there  is  no  dead  time 
between  measurements. 

The  accepted  definition  of  the  Allan  variance  is  the  expected  value  of  a  two- 
sample  variance  with  no  dead  time  between  successive  measurements.   In 
sjrmbols,  the  Allan  variance  is  given  by 

aJCr)  =  HE[(y„^i-y„)2],  (2) 

where  there  is  no  dead  time  between  the  two  sample  averages  for  the  Allan 
variance  and  the  E[']  denotes  the  expectation  operator. 

3.   The  Bias  Function  B^CN.r,/*) 

Define  N  to  be  the  number  of  sample  averages  of  y(t)  used  in  eq  (1)  to 
estimate  a  sample  variance  (N  =  2  for  an  Allan  variance) .   Also  define  r  to  be 
the  ratio  of  T  to  r  (r  =  1  when  there  is  no  dead  time  between  measurements) . 
The  parameter  /i  is  related  to  the  exponent  of  the  power  law  of  the  PSD  of  the 
process  y(t) .   If  a   is  the  exponent  in  the  power-law  spectrum  for  y(t),  then 
the  Allan  variance  varies  as  r  raised  to  the  fi   power,  where  a   and  /i  are 
related  as  shown  in  figure  2  [2-4]  .   We  can  use  estimates  of  /i  to  infer  a,  the 
spectral  type.   The  ambiguity  in  a  for  /i  =  -2  has  been  resolved  by  using  a 
modified  a^ir)    [5-7]  . 

Often  data  cannot  be  taken  without  dead  time  between  sample  averages,  and  it 
is  useful  to  consider  other  than  two-sample  variances.   We  will  define  the 
bias  function  Bi(N,r,/i)  by  the  ratio, 

^^^^•^•^^  -  a^(2,T,r)  '  ^^^ 


where  a^(N,T,T)  is  the  expected  sample  variance  given  in  eq  (1)  and  based  on  N 
measurements  at  intervals  T  and  averaged  over  a  time  r  and  r  =  T/r .   In  words , 
Bj^(N,r,/i)  is  the  ratio  of  the  expected  variance  for  N  measurements  to  the 
expected  variance  for  two  samples  (everything  else  held  constant) .   The 
variances  on  the  right  in  eq  (3)  depend  implicitly  on  the  noise  type  even 
though  fi  ov  a   are  not  shown  as  independent  variables.   The  noise- type 
parameter,  /i ,  is  shown  as  an  independent  variable  for  all  of  the  bias 
functions  in  this  paper,  because  the  values  of  the  ratio  of  these  variances 
explicitly  depend  on  /x  as  will  be  derived  later  in  the  paper.   Allan  showed 
that  if  N  and  r  are  held  constant,  then  the  a,  /i  relationship  shown  in  figure 
2  is  the  same;  that  is,  we  can  still  infer  the  spectral  type  from  the  t 
dependence  using  the  equation  a  =   -/i-1,  -2  <  /x  <  2  [3]. 

4.  The  Bias  Function  B2(r,/i) 

The  bias  function  B2(r,/i)  is  defined  in  [1]  by  the  relation, 

^2^^'^)  -  a^(2,r,T)   -  a2(r)    '  ^""^ 

In  words,  B2(r,;i)  is  the  ratio  of  the  expected  two-sample  variance  with  dead 
time  to  that  without  dead  time  (With  N  =  2  and  r  the  same  for  both  variances) . 
A  plot  of  the  B2(r,/i)  function  is  shown  in  figure  3.   The  bias  functions  B^ 
and  Bj  represent  biases  relative  to  N  =  2  rather  than  infinity;  that  is,  the 
ratio  of  the  N  sample  variance  (with  or  without  dead  time)  to  the  Allan 
variance  and  the  ratio  of  the  two-sample  dead-time  variance  to  the  Allan 
variance  respectively. 

5.  The  Bias  Function  BgCN.M.r,/*) 

Consider  the  case  where  a  great  many  measurements  are  available  with  dead  time 
between  each  pair  of  measurements  (T^  >  r^ ) .   The  measurements  are  averaged 
over  the  time  Interval  t^  ,    the  spacing  between  the  beginning  of  one 
measurement  to  the  next  Is  Tq ,  and  It  may  not  be  convenient  to  retake  the 
data.   We  might  want  to  estimate  the  Allan  variance  at,  say,  multiples  M  of 
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the  averaging  time  r^ .   If  we  average  groups  of  the  measurements  of  y(t) ,  then 
the  dead  times  between  the  original  measurements  are  distributed  periodically 
throughout  the  new  average  measurements  (see  figure  4) .   Define 

M+i-1 


Yi  =  IT   ^.   ^n.  (5) 


n=i 

where  y^^  are  the  raw  or  original  measurements  based  on  dead  time  Tq-Tq. 

Also  define  the  two-sample  variance  with  distributed  dead  time  as 

a2(2,M,T,r)  =  hE[(y,-y,^^)^ ] ,  (6) 

with  r  =  Mtq  and  T  =  MTg . 

We  can  now  define  B3  as  the  ratio  of  the  N- sample  variance  with  distributed 
dead  time  to  the  N- sample  variance  with  dead  time  accumulated  at  the  end  as  in 
figure  1 : 

B3(N,M.r.M)  -   ^2(N,T,r)   '  ^^^ 

Although  BgCN.M.r./i)  is  defined  for  general  N,  the  tables  in  the  Appendix 
confine  treatment  to  the  case  where  N  =  2.   There  is  little  value  in  extending 
the  tables  to  include  general  N.   Though  the  variances  on  the  right  in  eq  (7) 
depend  explicitly  on  N,  T  and  r,  the  ratio  BgCN.M.r./i)  depends  on  the  ratio 
r  =  T/t  ,  and  on  /i  as  developed  later  In  this  paper. 

In  words,  ^^(2,K,r,fi)    is  the  ratio  of  the  expected  two-sample  variance  with 
periodically  distributed  dead  time,  as  shown  in  figure  4,  to  the  expected  two- 
sample  variance  with  all  the  dead  time  grouped  together  as  shown  in  figure  1. 
Both  the  numerator  and  the  denominator  have  the  same  total  averaging  time  and 
dead  time,  but  they  are  apportioned  differently.   The  product  B2(r,/i)  • 
B3(2,M,r,/i)  is  the  distributed  dead-time  variance  over  the  Allan  variance  for 
a  particular  T,  r,    M  and  /i. 


Some  useful  asymptotic  forms  of  B3  can  be  found.   In  the  case  of  large  M  and 
M  >  r,  we  may  write  that 


B3  -  ^-j-^,  1  ^  /*  ^  2. 


^3  ^     2   in(r)  ;  3'     ^  "  ° 


(8) 


One  simple  and  important  conclusion  from  these  two  equations  is  that  for  the 
cases  of  flicker  FM  noise  and  random-walk  FM  noise,  the  t**  dependence  for 
large  r  is  the  same  whether  or  not  there  is  periodically  distributed  dead 
time.   The  values  of  the  variances  differ  only  by  a  constant,  and  in  the 
latter  case  the  constant  is  1.   This  conclusion  is  also  true  for  white  FM 
noise,  and  in  this  case  the  constant  is  also  1. 

In  the  cases  r  »  1  and  -2  <  ft  <   -1,  we  may  write  for  the  asymptotic  behavior 
of  B3 

B3  -  M«,  a  =  -M-1  .  (9) 

as  was  determined  empirically.   In  this  region  of  power- law  spectrvun  the  B3 
function  has  an  M"  dependence  for  an  f"  spectrum. 

6.   The  Bias  Functions 

The  bias  functions  can  be  written  fairly  simply  by  first  defining  the 
function, 

F(A)  =  2A''  +  2  _  (^  ^   i)M  +  2  -  |(A  -  l)|'*  +  2  (10) 

The  bias   functions  become 

N-1             N-n 
1   +  I         •    F(nr) 

TJ        /XT  S  1^=1  N(N-l)  ,.,, 

Bi(N,r.M)   =       1  -mF(r)  '  (1^> 


J52vr,;i;  -   2(1-2'*)    ' 
as  given  in  [ 1 ] ,  and 


(12) 


M-1 
2M  +  M-F(Mr)  -   ^   (M-n) [2F(nr) -F((M+n)r)  -F((M-n)r)] 

B3(2,M,r,/i)  =  (MM  +  2)[F(i.)  +  2]  '   ^^^^ 


as  indicated  in  the  appendix. 

For  /i  =  0,  eqs  (11),  (12),  and  (13)  are  the  indeterminate  form  0/0  and  must  be 
evaluated  by  I'Hopital's  rule.   Special  attention  must  also  be  given  when 
expressions  of  the  form  0°  arise.   We  verified  a  random  sampling  of  the  table 
entries  using  noise  simulation  and  Monte  Carlo  techniques.   No  errors  were 
detected.   The  results  in  this  paper  differ  some  from  those  in  [8] ,  which 
suggests  that  there  may  be  some  mistakes.   Tables  for  the  three  bias  functions 
are  listed  at  the  end  of  the  paper  (note  that  the  computer  print-out  did  not 
have  a  symbol  for  Greek  mu  =  /i)  . 

7.   Exeunples  of  the  Use  of  the  Bias  Functions 

The  spectral  type,  that  is,  the  value  of  /x,  may  be  inferred  by  varying  t,  the 
sample  time.   However,  another  useful  way  of  determining  the  value  of  n   is  by 
using  Bi(N,r,/i)  as  follows:  calculate  an  estimate  of  ay(N,T,r)  and  ay(2,T,r) 
and  hence  Bj^(N,r,;i);  then  use  the  tables  to  infer  the  value  of  /i. 

Suppose  one  has  an  experimental  value  for  CTy  (Nj^  ,  Tj^  ,  t^)    and  its  spectral 
type  is  known,  that  is,  /i  is  known.   Suppose  also  that  one  wishes  to  know  the 
variance  at  some  other  set  of  measurement  parameters ,  N2 ,  Tg ,  rj .   An  unbiased 
estimate  of  ay(N2,T2,r2)  may  be  calculated  by  the  equation: 


^vCNz.To.r,) 


=  M"  rBi(N^,r^,/x)B,(r,,^)  ]   2 /^   ^  r    )  (14) 

UiJ   K(Ni,r,,M)B2(ri,M)  J  ^y(N,,T,,r,)     (14) 

where  r^^  =  T^/t^    and  rg  -  'l^/r-i. 


Since  the  time-domain  definition  for  frequency  stability  is  the  Allan 
variance,  it  behooves  us,  where  possible,  to  relate  other  variances  to  the 
Allan  variance.   If  we  have  an  N- sample  variance  on  data  with  dead- time  T-r 
and  we  know  the  power- law  spectral  type  (the  value  of  /x)  ,  then  we  may  write 

If  we  have  an  N- sample  variance  where  each  data  entry  is  an  average  of  M 
samples  with  distributed  dead  time,  then  we  may  write 

""y^^^        Bi(N,r./i)  B2(r,/i)  B3  (N,M,r ,/i)  "  ^   ^ 

8.   Conclusion 

For  some  important  power- law  spectral  density  models  often  used  in 
characterizing  precision  oscillators  (Sy(f)  ~  f " ,  a  =  -2,  -1,  0,  +1,  +2),  we 
have  studied  the  effects  on  variances  when  there  is  dead  time  between  the 
frequency  samples,  and  the  frequency  samples  are  averaged  to  increase  the 
integration  time.   Since  dead  time  between  measurements  is  a  common  problem 
throughout  metrology,  the  analysis  here  has  broader  applicability  than  just  to 
time  and  frequency.   Specifically,  this  kind  of  analysis  has  been  used  with 
gage  blocks  and  standard  volt  cells- -showing  that  the  classical  variance  may 
be  non- convergent  in  some  cases  [9] . 

Heretofore,  the  Allan  variance  has  been  shown  to  have  some  convenient 
theoretical  properties  in  relation  to  power- law  spectra  as  the  integration  or 
sample  time  is  varied  (if  a^^  (r)   ~    r"  ,  then  a  =   -n   -1,    -2</i<2).   Since 
Oy(T),   by  definition,  is  estimated  from  data  with  no  dead  time,  the  sample  or 
integration  time  can  be  unambiguously  changed  to  investigate  the  r  dependence. 
From  our  analysis,  we  have  concluded  that  for  the  asymptotic  limit  of  several 
samples  being  averaged  with  dead  time  present  in  the  data,  the  r  dependence  of 
the  variances  is  the  same.   The  a  =   -fi   -1  relationship  still  remains  valid  for 
white  FM  noise  (fx  =   -1,   a  =  0)  ,    flicker  FM  noise  (/i  =  0,  a   =  -1),  and  for 
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random-walk  FM  noise  (/i  =  +1 ,  a  =   -2).   The  asymptotic  limit  is  approached  as 
the  product  of  number  of  samples  averaged  and  the  initial  data  sample  time, 
Tq ,  becomes  larger  than  the  dead  time  (M  >  r) .   The  variances  so  obtained 
differ  only  by  a  constant,  which  can  be  calculated  as  given  in  this  paper. 

A  knowledge  of  the  appropriate  power- law  spectral  model  is  required  to 
translate  a  distributed  dead-time  variance  to  the  corresponding  value  of  the 
Allan  variance.   In  principle,  the  power- law  spectral  model  can  be  estimated 
from  the  r**  dependence,  using  the  variance  analysis  on  the  data  as  outlined 
above . 
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Table  1.   Table  of  soiae  bias  function  Identities 


Bi(2,r,M) 

=  1 

Bi(N.r,2) 

=   (N(N+l))/6 

Bi(N,l,l) 

=  N/2 

Bi(N.l.M) 

=   (N(l-N''))/[(2(N-l)(l-2'*)]    for  hj^O 

=  N  ln(N)/[2(N-l)    ln(2)]           for  n=0 

Bi(N,l./i) 

=  1   for  fi  <  0 

N-1 
=      [2/(N(N-l)]      X      (N-n)    •    n"    for  M  >  0 
n=l 

Bi(N,r,-l) 

=  1    if  r  >   1 

Bi(N,r,-2) 

=  1    if  r  ?:  1   or  0 

B2(0,/i) 

=  0 

B^d./i) 

=  1 

B2(r,2) 

=  r2 

BaCr.l) 

=   (3r   -    l)/2   if  r  >  1 

B2(r,-1) 

=rifO<r<l 

=  1   if  r  >  1 

B2(r,-2) 

=  0   if  r=0 

=  1    if  r=l 

-  2/3   otherwise 

B3(2,M,l,/i) 

=  1 

63(2, M,r, -2) 

=  M 

63(2, r,/i) 

=   1 

63(2, M,r, 2) 

=   1 

B3(2,M,r,-l) 

=  1   for  r  >  1 
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Figure  2.   A  plot  of  the  relationship  between  the  frequency-domain  power- law 
spectral-density  exponent  a   and  the  time-domain  two-sample  Allan  variance 
exponent  /i  (a  =  -/x-l,  -2  <  /x  <  2  and  a  >  1  for  n  =   -2).   Also  shown  is  the 
similar  relationship  between  a  and  the  modified  Allan  variance  with  exponent 
on  T   of  fi'    (a  =  -/i'-l,  -4  <  /i'  <  2).   The  pointing  arrows  indicate  the  mu- 
alpha  relationship  (o  vs.  /i  or  /i')  for  which  the  particular  variance  applies. 
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THE  BIAS  FUNCTION,  B2  (r,/x) 


Figure  3.   A  three  dimensional  plot  of  the  bias  function  B2(r,/i),  where 

r  =  T/t,  and  the  dead  time  is  T  -  r.   The  "fin"  at  r  =  1  and  fi  =   -2   approaches 

zero  width  as  the  measurement  bandwidth  approaches  infinity  (see  appendix  ref . 

[3]). 
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Appendix 

With  reference  to  figure  1 ,  the  frequency  sampling  window  has  an  equivalent 
phase  sampling  window.   The  intent  is  to  evaluate  the  variance,  S(M),  of  the 
sampled  phase  function  in  terms  of  the  phase  autocorrelation  function,  R(r). 
The  process  here  is  to  correctly  account  for  terms  and  cross -terms  coming  from 
squaring  and  averaging  the  samples  for  each  M.   The  B^  (2  ,li,v ,fi)    function  can 
then  be  obtained  from  the  relation, 

B3(2,M.r,/i)  =    ^^^ 


SCI)-!!" 


+  2 


for  appropriate  M,  r,  and  fi.      The  denominator  is  just  the  two-sample  variance 
with  dead  time  for  MT  and  Mr  (in  accordance  with  the  definition  of 
B3  (2,M,r,/i))  .   The  factors  common  to  the  numerator  and  denominator  are  ignored 
in  the  following. 

For  M  =  1,  the  variance  S(l)  is  just 

S(l)  =  4-R(0)  -  4-R(t)  -  4-R(T)  +  2-R(T+r)  +  2R(T-r), 

where  use  has  been  made  of  the  definition  of  the  autocorrelation  function, 

R(T)  =  E[^(t)  •  ^(t+T)]. 

It  is  convenient  to  define  a  function  G(T)  as 

G(T)  =  2-R(T)  -  R(T+r)  -  R(T-r) . 

Similarly,  S(2)  can  now  be  written  in  the  form, 

S(2)  =  8-R(0)  -  8-R(r)  +  2-G(T)  -  4-G(2T)  -  2-G(3T). 

Following  this  procedure,  we  can  verify  that  the  general  S(M)  is  just 
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S(M)  =  4-M-R(0)  -  4-M-R(r)  -  2-M-G(MT) 


M-1 
+  2   Y.        (M-n)[2-G(nT)  -  G((M+n)T)  -  G((M-n)T) 
n=l 


Following  the  work  of  Barnes  and  Allan  [2,3],  we  can  define  the  function  U(r) 
by  the  relation, 

U(r)  =  2-R(0)  -  2-R(r), 

and  also  define 

F(nr)  =  G(nT)/U(r), 

where  r  =  T/r .   The  function  U(r)  for  power-law  power  spectral  densities  has 
the  form, 

U(r)  =  , 

which  yields 

F(nr)  =  l-inr)"*^    -    (nr+l)'**^  -jnr-ll''-'^ 
Finally,  the  working  relation  can  be  written  as 


B3(2,M,r./i)  = 


M-1 
2-M  +  M-F(Mr)   -^  (M-n)  [2-F(nr)  -  F((M+n)r)  -  F((M-n)r)] 

r^l 

[2  +  F(r)]  •  M'*"'^ 
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6.554E+03 

1 

!   3.290E+00 

1.155E+01 

4.141E+01 

1.437E+02 

4.382E402 

l.n7E+03 

2.533E+03 

5.3V5t+03 

1.114E+04 

1.2 

!   3.309E+00 

1.172E+01 

4.267E+01 

1.518E+02 

4.867E+02 

1.348E+03 

3.392E+03 

8. 128E+03 

1.903E+04 

1.4 

!   3.320E+00 

1.184E-K)1 

4.360E+01 

1.5e8E+02 

5.352E+02 

1.615E+03 

4.535F+03 

1.228E+04 

3.276E+04 

1.6 

i   3.327E+00 

1.191E+01 

4.431E+01 

1.650E+02 

5.851E+02 

1.930E+03 

6.068E+03 

1.866E+04 

5.684E+04 

1.8 

;   3.331E+00 

1.196E+01 

4.487E+01 

1.706E+C2 

6.374£-K)2 

2.304E+03 

8. 142E+03 

2.849E+04 

9,936£+04 

2 

:   3.3y;Jt+00 

1.200E+01 

4.53?lf+0l 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+O4 

4.378E+04 

1.749E+05 
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Bl(N,r,iu)  for    r*    A 
Hu  \  N>   4        8        16 


32 


64 


128 


256 


512 


1024 


INF 


-2 

l.OOOE^ 

1.000E4O0 

1.000E«00 

l.OOOEXX) 

l.OOOE^OO 

1.000E4O0 

1.000E400 

l.OOOE^ 

1.0006*00 

1.0006*00 

-1.8 

1.093£+00 

1.226E4O0 

1.438E+00 

1.547E+00 

1.579E+00 

1.5e6E400 

1.586E+00 

1.5e5fc*O0 

1.5646*00 

1.5WF*00 

-1.6 

1.205E+00 

1.522E-K)0 

2.021E400 

2.329fe*O0 

2.449E+00 

2.4906*00 

2.502E400 

2.505E*00 

2.5056*00 

2.5046*00 

-1.4 

1.337E+00 

1.907E+00 

2.832E+O0 

3.477E+00 

3.772E+O0 

3.892E400 

3.938E400 

3.954E4O0 

3.9606*00 

3.9626*00 

-1.2 

1.491E+00 

2.396E+00 

3.931E+O0 

5.125E+00 

5.751E+00 

6.046E400 

6.177E+00 

6.235E+00 

6.2606*00 

6.2786*00 

-1 

1.667E^ 

3.oooe+oo 

5.375E+00 

7.429E+00 

8.653E+00 

9.312E400 

9.652E+00 

9.825E+00 

9.9126*00 

1.0006*01 

-.8 

1.860E+00 

3.720E+00 

7.204E-K)0 

l.OSSE^l 

1.281E401 

1.419E+01 

1.502E<01 

1.5506+01 

Lb/Zt*©! 

1.6166*01 

-.6 

2.065E+00 

4.540E+00 

9.423E+00 

1.461E+01 

1.859E401 

2.137E+01 

2.326E^1 

2.452E+01 

2.5376*01 

2.7026*01 

-.4 

2.273E+O0 

5.430E+00 

1.199E+01 

1.971E+01 

2.642E^1 

3.177E*01 

3.592E+01 

3.910E+01 

4.1536*01 

4.9226*01 

-.2 

2.472E+O0 

6.344E+00 

1.481E«01 

2.5e5F*01 

3.673E401 

4.664E401 

5.542E+01 

6.314E+01 

6.989E+01 

1.1566*02 

0 

2.653E+00 

7.236E+O0 

1.779E+01 

3.300E+O1 

5.003E+01 

6.771E+01 

8.566E^1 

1.037E-K)2 

1.2196+02 

.2 

2.810E+00 

8.06SE>00 

2.080E+O1 

4.1ilE^l 

6.690E^1 

9.750E+O1 

1.331E>02 

1.741E+02 

2.2146*02 

.4 

2.940E+00 

8.804E+00 

2.376E+01 

5.015E+01 

8.ei6E^l 

1.397E+02 

2.0e4E^2 

2.9936*02 

4.1946*02 

.6 

3.043E+00 

9.445E+00 

2.663E+01 

6.014E+01 

1.149e*02 

1.999E+02 

3.295E+02 

5.265E+02 

8.2546*02 

.8 

3.123E+00 

9.989E+00 

2.938E+01 

7.118E+01 

1.487E+02 

2.862E402 

5.269E+02 

9.466E+02 

1.6786*03 

1 

3. 184E+00 

1.045E+01 

3.204E+O1 

8.347E+01 

1.918E+02 

4.114E+02 

8.323E+02 

1.735E+03 

3.5006*03 

1.2 

3.230E+00 

1.084E+01 

3.463E-K)1 

9.728E+01 

2.470E+02 

5.943E+02 

1.394E+03 

3.232E'+03 

7.4536+03 

1.4 

3.265E+00 

1.118E-K)1 

3.721E+01 

1.130E^2 

3. 183E«02 

8.63AF+02 

2.304E403 

6.1036*03 

1.613E*04 

1.6 

3.293E+00 

1.147E+01 

3.982E+01 

1.309E+02 

4.113e+02 

1.263E+03 

3.843E+03 

1.166E*04 

3.5356*04 

1.8 

3.315E+00 

1.174E*01 

4.252E+01 

1.517E+02 

5.330E+02 

1.858E+03 

6.467E+03 

2.250E+04 

7.8306*04 

2 

3.333E+00 

1.200E+01 

4.533E+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E404 

4.378E+04 

1.7496*05 

Mu  \  N= 


BKN.r.iw)  for  r  =  .3 
8        16 


32 


64 


128 


256 


512 


1024 


INF 


-2 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

1. 0006+00 

1. 0006+00 

1. 0006+00 

l.OOOE+00 

-1.8  ! 

1.124E+00 

1.226£*O0 

1.259E+00 

1.265E+00 

1.265E+00 

1.263E+00 

1.262E+00 

1.261E+O0 

1.261E+00 

1.260E+00 

-1.6 

1.254E+00 

1.479E+00 

1.564E+00 

1.589E+00 

1.594E+00 

1.594E+O0 

1.5936+00 

1.591E+00 

1.591E+00 

1.590E+00 

-1.4  : 

1.388E+00 

1.759E+00 

1.925E+00 

1.988E+00 

2.009E+00 

2.014E+00 

2. 0156+00 

2.015E+00 

2.014E+00 

2.013E+00 

-1.2 

1.527E+O0 

2.068E+00 

2.351E+O0 

2.479E+00 

2.534E+00 

2.556E+00 

2.565E+00 

2.569E+00 

2.570E+O0 

2.571E+00 

-1 

1.667E+00 

2.405E+00 

2.850E+00 

3,O87E*O0 

3.209E+00 

3.271E+O0 

3.302E+O0 

3.318E+00 

3.326E+O0 

3.333E+00 

-.8 

1.806E-K)0 

2.769E+O0 

3.435E+00 

3.847E*00 

4.093E+00 

4.239E+00 

4.325E+00 

4.376E+00 

4.405E+00 

4.447E+00 

-.6 

1.943E+(Xi 

3. 160E+CK) 

4.122E*O0 

4.804E+00 

5.275E+O0 

5.595E+00 

5.812E+00 

5.958E+O0 

6.056E+00 

6.252E+00 

-.4 

2.076E+00 

3.577E+00 

4.927E+00 

6.024E+00 

6.889E+00 

7.564E+00 

8.086E+00 

8.487E+00 

8.7956+00 

9.776E+00 

-.2 

2.203E+OO 

4.021E+00 

5.877E+00 

7.597E+00 

9. 147E+00 

1.053E+01 

1.175E+01 

1.282E+01 

1.377E+01 

2.017E+01 

0 

2.325E+00 

4.492E+00 

7.000E+00 

9.651E+00 

1.238E+01 

1.515E+01 

1.796E+01 

2.079E+01 

2.363E+01 

.2 

2.440E+00 

4.994E+00 

8.338E+00 

1.236E+01 

1.710E+01 

2.260E+01 

2.897E+01 

3.632E+01 

4.479E+01 

.4 

2.550E+00 

5.530E+00 

9.940E+00 

1.599E+01 

2.411E+01 

3.493E+01 

4.926E+01 

6.8236+01 

9.330E+01 

.6 

2.654E+00 

6.106E+00 

1.187E+01 

2.089E+01 

3.472E+01 

5.581E+01 

8.786E+01 

1.365E+02 

2.103E+02 

.8 

2.754E+00 

6.729E+00 

1.422E+01 

2.756E*01 

5.098E+01 

9.187E+01 

1.632E+02 

2.874E+02 

5.037E+02 

1 

2.852E+00 

7.406E+O0 

1.708E+01 

3.673E*01 

7.6186+01 

1.552E+02 

3.132E+02 

6.2y2t+02 

1.261E+03 

1.2 

2.947E+00 

8. 147E+O0 

2.059E+01 

4.9426*01 

1.157E+02 

2.678E+02 

6. 170E+02 

1.419E+03 

3.261E+03 

1.4 

3.042E+O0 

8.963E+00 

2.493E+01 

6. 7096+01 

1.781E+02 

4.703E+02 

1.241E+03 

3.272E+03 

8.631E+03 

1.6 

■   3. 137E-K)0 

9.868E+00 

3.030E+01 

9. 185E+01 

2.774E+02 

8.381E+02 

2.535E+03 

7.6736+03 

2.324E+04 

1.8 

3.234E+00 

1.087E+01 

3.699E+01 

1.267E+02 

4.366E+02 

1.511E+03 

5.245E+03 

1.823E+04 

6.343E+04 

2 

3..333E+00 

1.200E+01 

4.S33F+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.3786+04 

1.749E+05 

20 


BKN.r.iu)  for  r  =  1 
Mu  \  N<   4        8        li 


32 


64 


126 


256 


512 


1024 


INF 


-2 

:   8.333E-01 

7.500E-01 

7.0e3f-01 

6.875E-01 

6.771E-01 

6.719E-01 

6.693E-01 

6.680E-01 

6.673E-01 

6.667E-01 

-1.8 

:   8.581E-01 

7.827E-01 

7.431E-01 

7.226E-01 

7.122E-01 

7.06fiF-01 

7.042E-01 

7.028E-01 

7.021E-01 

7.014E-01 

-1.6 

:   8.866£-01 

8.221E-01 

7.864E-01 

7.672E-01 

7.570E-01 

7.517E-01 

7.490E-01 

7.476E-01 

7.46flE-01 

7.461E-01 

-1.4 

:   9.193E-01 

8.700E-01 

8,410E-01 

8.245E-01 

8.154E-01 

8. 105E-01 

8.079E-01 

8.065E-01 

8.05eE-01 

8.051E-01 

-1.2 

:   9.569E-01 

9.284E-01 

9. 105E-01 

8.997E-01 

8.933E-01 

8.897E-01 

8.877E-01 

8.866E-01 

8.860E-01 

8.K54E-01 

-1 

.   l.OOOE+00 

l.OOOe+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-.8 

!   1.050E+00 

i.oesE+oo 

1.117E+00 

1.137E+00 

1.150E+00 

1.160E-H)0 

1.165E+O0 

1.169E-KK) 

1.171E-K)0 

1.175E+00 

-.6 

1.107E+00 

1.197E+O0 

1.271E+O0 

1.327E+O0 

1.370E+00 

1.401E+00 

1.422E+00 

1.438E+00 

1.448E+00 

1.470E-K)0 

-.4 

1.172E+00 

i.:<K»->oo 

1.476E+00 

1.599E400 

1.700E+00 

1.782E+00 

1.847E+00 

1.898E+00 

i.rjtt+oo 

2.065E-K)0 

-.2 

1.247E+00 

1.502E+00 

1.754E+00 

1.994E+00 

2.216E+O0 

2.418E+O0 

2.599E+O0 

2.759E+00 

2.900E+00 

3.863E+00 

0 

1.33*+00 

1.714E+00 

2.133E+00 

2.581E400 

3.048E^ 

3.528E+00 

4.016E-K)0 

4.509E+O0 

5.005E+O0 

.2 

1.432E+00 

1.982E+O0 

2.65flf+00 

3.471E+00 

4.432E+00 

5.555E+00 

6.858E+O0 

8.363E+00 

l.OlOE+01 

.4 

1.546E+00 

2.320E+00 

3.391E400 

4.846E-K)0 

6.801E-H)0 

9.407E+00 

1.287E+01 

1.744E+01 

2.350E+01 

.6 

1.677E-K)0 

2.750E+00 

4.424E^ 

7.006E+00 

1.096E^1 

1.698E+01 

2.614E+01 

4.005E+01 

6.114E+01 

.8 

1.827E+00 

3.299E+00 

5.894E+00 

1.045E+01 

1.841E+01 

3.230E+01 

5.652E+01 

9.872E+01 

1.722E+02 

1 

2.000E+00 

4.000E*O0 

8.000E^ 

1.600E+01 

3.200E*01 

6.400E+01 

1.280E+O2 

2.560E+02 

5. 120E+O2 

1.2 

2.198E+00 

4.900E+00 

1.104E+01 

2.506E+01 

5.717E+01 

1.308E^2 

2.999E+02 

6.881E-K)2 

1.580E+03 

1.4  • 

2.426E+00 

6.059E+00 

1.546E+01 

3.999E+01 

1.044E+02 

2.738E+02 

7.202E+02 

1.897E+03 

5.003E+03 

1.6 

2.688E^ 

7.555E+00 

2.191E+01 

6.479E+01 

1.938E+02 

5.833E+02 

1.762E+03 

5.331E+03 

1.615E+04 

1.8  . 

2.988E+00 

9.490E+00 

3.138E+01 

1.063f*02 

3.646E+02 

1.260E+03 

4.372E+03 

1.519E+04 

5.286E+04 

2 

3.333E+00 

1.200E-K)1 

4.533E+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.378E+04 

1.749E+05 

BHN.r.Ku)  for  r  «  1.01 
Mu  \  N=   4        8        16       32 


64 


128 


256 


512 


1024 


INF 


-2 

!   l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-1.8 

9.156E-01 

8.682E-01 

8.425E-01 

8.288E-01 

8.217E-01 

8.181E-01 

8. 162E-01 

8. 153E-01 

8. 148E-01 

8.143E-01 

-1.6 

!   9.098E-01 

8.V>6E-01 

8.264E-01 

8.098E-01 

8.009E-01 

7.963E-01 

7.938E-01 

7.926E-01 

7.920E-01 

7.913E-01 

-1.4 

9.286E-01 

8.840E-01 

8.573E-01 

8.419E-01 

8.333t-01 

8.287E-01 

8.262E-01 

8.249E-01 

8.242E-01 

8.235E-01 

-1.2 

9.599E-01 

9.331E-01 

9.160E-01 

9.056E-01 

8.995E-01 

8.960E-01 

8.940E-01 

8.y2Vt-01 

8,924E-01 

8.917E-01 

-1 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

i.oooe+oo 

-.8 

1   1.048E+00 

1.085E+00 

1.113E+00 

1.133E+00 

1.147E+00 

1.155E+00 

1.161E+00 

1.165E+00 

1.167E+00 

1.170E+00 

-.6 

1.104E+00 

1.193E+00 

1.265E+00 

1.321E+00 

1.362E+O0 

1.3y3t+00 

1.414E+O0 

1.429E+00 

1.440E+00 

1.461E+00 

-.4 

1.168E+00 

1.327E+00 

1.468E+O0 

1.589E+00 

1.689E+00 

1.770E+00 

I.835E+00 

l.t«++00 

1.924E+00 

2.050E+00 

-.2 

1.243E+00 

1.495E+00 

1.743E+O0 

1.980E+00 

2.200E+00 

2.400E+00 

2.579E+00 

2.737E+00 

2.877E+O0 

3.829E+O0 

0 

1.329E+00 

1.706E+00 

2.120E+O0 

2.563E+00 

3.025E+00 

3.500E+00 

3.984E+00 

4.472E+00 

4.963E+00 

.2 

1.428E+00 

1.972E+00 

2.642E+00 

3.447E+00 

4.400E+00 

5.512E+00 

6.804E+00 

8.296E+O0 

1.002E+01 

.4 

1.541E+00 

2.309E+00 

3.371E+00 

4.ei4E+00 

6.754E+00 

9.340E+O0 

1.277E+01 

1.731E+01 

2.332E+01 

.6 

1.672E+00 

2.738E+00 

4.400E+00 

6.963E+00 

1.0e9E+01 

1.687E+01 

2.597E+01 

3.9786+01 

6.073E+O1 

.8 

1.822E+00 

3.285E+00 

5.864E+00 

1.039E+01 

1.830E+01 

3.212E+01 

5.619E+01 

9.814E+01 

1.712E+02 

1 

1.995E+00 

3.985E+00 

7.966E+00 

1.593E+01 

3.18SE+01 

6.369E+01 

1.274E+02 

2.547E+02 

5.095E+02 

1.2 

2.194E+00 

4.885E+00 

I.IOOE+Ol 

2.497E+01 

5.695E+01 

1.303e+02 

2.987E+02 

6.854E+02 

1.573E+03 

1.4  1 

2.422E+00 

6.045E+00 

1.542E+01 

3.988E+01 

1.041E+O2 

2.730E+O2 

7.180E+02 

l.tfy2t+03 

4.988E+03 

1.6  <J 

2.685E+00 

7.542E+00 

2.187E+01 

6.466E+01 

1.934E+02 

5.8221+02 

1.758E+03 

5.321E+03 

1.6UE+04 

1.8  i 

2.986E+00 

9.482E+00 

3.135E+01 

1.062E+02 

3.643E+02 

1.259E+03 

4.367E+03 

1.518E+04 

5.280E+O4 

2 

3.333E+00 

1.200E+01 

4.53aF*01 

1.760E+02 

6.933t+02 

2.752E+03 

1.097E+O4 

4.378E+04 

1.749E+05 
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Bl(N,r,«u)  for  r  =  1.1 


Mu  \  N= 


16 


32 


64 


128 


256 


512 


1024 


INF 


-2 

.   l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

-1.8 

9.527E-01 

9.243E-01 

9.oex-oi 

8.994E-01 

8.948E-01 

8.924E-01 

8.911E-01 

8.905E-01 

8.902E-01 

8.898E-01 

-1.6 

.   9.415E-01 

9.048E-01 

8.831E-01 

8.709E-01 

8.642E-01 
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3.3796*01 

.8 

1.504E+00 

2.404E+00 

3.997E+00 

6.794E+00 

1.169E^1 

2.023E401 

3.512E-»01 

6.106E401 

1.062E402 

1 

1.681E+00 

3.043E+00 

5.766E+00 

1.121E+01 

2.211E401 

4.389E+01 

8.747E+01 

1.746E+02 

3.489E+02 

1.2 

1.898E'K)0 

3.914E+00 

8.491E4O0 

1.894E401 

4.285E+01 

9.769E401 

2.236E402 

5.127E402 

1.177E403 

1.4 

2. 161EtO0 

S.104EfOO 

1.270E+O1 

3.251E+01 

8.450E^1 

2.213E+02 

5.817E+02 

1.532E+03 

4.039E+03 

1.6 

2.480E+00 

6.727E+00 

1.923E+0I 

5.654E+01 

1.688E402 

5.077E+O2 

1.533E403 

4.639E+03 

1.405E-K)4 

1.8 

2.866E+00 

8.949E+00 

2.940E+01 

9.934E+01 

3.406E+02 

1.177E+03 

4.0e3€+03 

1.419E+04 

4.936E+04 

2 

•   3.333E+00 

1.200E+01 

4.f),\T+01 

1.760E+02 

6.933E+02 

2.752E403 

1.097E+O4 

4.378E+04 

1.749E+05 

BHN.r.iu)  for  r  =  32 
Hu  \  N=   4        8        16 


32 


64 


128 


256 


512 


1024 


INF 


-2   : 

l.OOOE+00 

l.OOOE+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

-1.8  : 

9.999E-01 

9.9996-01 

9.9996-01 

9.9996-01 

9.9996-01 

9.9986-01 

9.9986-01 

9.9986-01 

9.9986-01 

9.9986-01 

-1.6  : 

9.998E-01 

9.9976-01 

9.9966-01 

9.9966-01 

9.9966-01 

9.9956-01 

9.9956-01 

9.9956-01 

9.9956-01 

9.9956-01 

-1.4  : 

9.997E-01 

9.9946-01 

9.9936-01 

9.9926-01 

9.9916-01 

9.9916-01 

9.9916-01 

9.9916-01 

9.9916-01 

9.9916-01 

-1.2 

9.996E-01 

9.9936-01 

9.9916-01 

9.9906-01 

9.9896-01 

9.9886-01 

9.9886-01 

9.9886-01 

9.9886-01 

9.9886-01 

-1 

l.OOOE+00 

1.0006+00 

l.OOCE+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

-.8 

1.002E+00 

1.0036+00 

1.0056+00 

1.0066+00 

1.0066+00 

1.0076+00 

1.0076+00 

1.0076+00 

1.0076+00 

1.0086+00 

-.6 

1.007E+00 

1.0146+00 

1.0196+00 

1.0246+00 

1.0286+00 

1.0306+00 

1.0326*00 

1.0336+00 

1.0346+00 

1,0366+00 

-.4 

1.019E+00 

1.0396+00 

1.0576+00 

1.0736+00 

1.0876+00 

1.0986+00 

1.1076+00 

1.1146+00 

1.1196+00 

1.1366+00 

-.2 

1.043E+O0 

1.0906+00 

1.1396+00 

1.1866+00 

1. 2306+00 

1.2716+00 

1.3076+00 

1.3396+00 

1.3686+00 

1.5636+00 

0 

i.oe3E+oo 

1.1846+00 

1.2976+00 

1.4206+00 

1.5506+00 

1.6836+00 

1.8196+00 

1.95/k+OO 

2.0956+00 

.2 

1.146E+00 

1.3386+00 

1.5796+00 

1.8716+00 

2.2I86+O0 

2.6256+00 

3.0976+00 

3.6436+00 

4.2726+00 

.4 

1.2336+00 

1.5726+00 

2.0466+00 

2.6936+00 

3.5656+00 

4./29t+00 

6.2756+00 

8.3206+00 

1.1026+01 

.6 

1.3486+00 

1.9086+00 

2.7876+00 

4. 1476+00 

6.2316+00 

9.4086+00 

1.4246+01 

2.1586+01 

3.2706+01 

.8 

1.494E+00 

2.3786+00 

3.9406+00 

6.6856+00 

1.1496+01 

1.9866+01 

3.4476+01 

5.9926+01 

1.0426+02 

1 

1.6746+00 

3.0216+00 

5.7166+00 

1.1116+01 

2.1886+01 

4.3446+01 

8.6566+01 

1.7286+02 

3.4536+02 

1.2 

1.8936+00 

3.8986+00 

8.4486+00 

i.«h:^f+oi 

4.2616+01 

9.7146+01 

2.2236+02 

5.0976+02 

1.1706+03 

1.4 

2.1586+00 

5.0916+00 

1.2666+01 

3.2426+01 

8.4256+01 

2.2066+02 

5.7996+02 

1.5276+03 

4.0276+03 

1.6 

2.4786+00 

6.7196+00 

1.9206+01 

5.6466+01 

1.6856+02 

5.0706+02 

1.5316+03 

4.6326+03 

1.4036+04 

1.8 

2.8656+00 

8.9456+00 

2.93^+01 

9.9286+01 

3.4056+02 

1.1766+03 

4.0816+03 

1.4186+04 

4.9346+04 

2 

:   3.3r<*.+00 

1.2006+01 

4.5336+01 

1.7606+02 

6.9336+02 

2.7526+03 

1.0976+04 

4.3786+04 

1.7496+05 

24 


BKN.r.au)  for  r  =  64 
riu  \  N>   4        8        16 


32 


64 


128 


256 


512 


1024 


INF 


-2 

:   l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

-1.8 

:   l.OOOe+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

-1.6 

:   9.WVt-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.y98t-01 

9.998E-01 

9.yyat-oi 

9.998E-01 

-1.4 

:   9.999E-01 

9.99«t-01 

9.997E-01 

9.997E-01 

9.997E-01 

9.997E-01 

9.997E-01 

9.996E-01 

9.996E-01 

9.996E-01 

-1.2 

:   9.998E-01 

9.997E-01 

9.996E-01 

9.995E-01 

9.995E-01 

9.995E-01 

9.99bt-01 

9.995E-01 

9.995E-01 

9.y9bt-01 

-1 

:  i.oooe+00 

i.oooe+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

-.8 

t   l.OOlEXK) 

1.002E+00 

1.003E-K)0 

1.003E+00 

1.004E+00 

1.004E+00 

1.004E+00 

1.004E+00 

1.004E+00 

1.004E+00 

-.6 

.   1.005E+00 

1.0O9E4O0 

1.013E+00 

1.016E+00 

1.018E+00 

1.02-OE+OO 

1.021E+00 

1.022E+00 

1.022E+O0 

1.024E+O0 

-.4 

!   1.014E+00 

1.C28E+00 

1.042E+00 

1.054E+00 

1.064E+00 

1.072E+O0 

1.078E+O0 

1.0e3E+00 

1.087E+O0 

l.lOOE+00 

-.2 

1.035E+00 

1.073E+O0 

1.112E+00 

1.151E+00 

1.187E+00 

1.220E+00 

1.249E+00 

1.275E+00 

l.2y8t+00 

1.456E+O0 

0 

.   1.073E+00 

1.161E^00 

1.261E+00 

1.369E+00 

1.482E+00 

1.600E+00 

1.719E+00 

1.840E+00 

1.961E+O0 

.2 

1.135E+00 

1.313e*00 

1.536E+00 

1.808E+00 

2.129E+00 

2.506E+00 

2.944E+00 

3.450E+00 

4.033E+O0 

.4 

1.224E+00 

1.548E+00 

2.003E+00 

2.624E+00 

3.461E+00 

4.578E+00 

6.060E+00 

8.023E+O0 

1.062E+01 

.6 

1.341E+00 

1.889E+00 

2.749E+00 

4.0eOE+00 

6.119E+00 

9.229E+00 

1.396E+01 

2.114E+01 

3.203E+01 

.8 

1.489E+00 

2.363E+00 

3.909E+00 

6.624E+00 

1.137E+01 

1.966E+01 

3.411E+01 

5.929E+01 

1.031E+02 

1   i 

1.670E+O0 

3.oioe+oo 

5.691E+00 

1.105E+01 

2. 177E+01 

4.322E+01 

8.611E+01 

1.719E+02 

3.435E+02 

1.2 

1.890E+00 

3.891E+00 

8.429E+O0 

1.879E+01 

4.251E+01 

9.690E+01 

2.218E+02 

5.0e5E+02 

1.167E+03 

1.4  : 

2.156E+O0 

5.087E+O0 

1.265E+01 

3.238E+01 

8.415E+01 

2.204E+02 

5./V3t+02 

1.526E+03 

4.022E+O3 

1.6 

2.477E+00 

6.716E+00 

1.919E+01 

5.644E+01 

1.685E+02 

5.067E+02 

1.530E+03 

4.630E+03 

1.402E+04 

1.8  : 

2.865E+00 

8.943E+00 

i.rjut+oi 

9.927E+01 

3.404E+02 

1.176E+03 

4.080E+03 

1.418E+04 

4.933E+04 

2 

3.333E+00 

1.200E+01 

4.533E+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.378E+04 

1.749E+05 

BKN.r.iiu)  for  p  =  128 
Mu  \  N=   4        8        16       32 


64 


128 


256 


512 


1024 


INF 


-2 

;   l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

-1.8 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOt+00 

-1.6 

•   l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

-1.4 

l.OOOE+OO 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

-1.2 

.   9.999E-01 

9.999E-01 

9.9V8k-01 

9.998E-01 

9.998E-01 

9.998E-01 

9.998E-01 

9.998E-01 

9.998E-01 

9.998E-01 

-1 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

-.8 

I.OOIE+OO 

I.OOIE+OO 

1.002E+00 

1.002E+00 

1.002E+00 

1.002E+00 

1.002E+00 

1.002E+00 

1.002E+00 

1.002E+00 

-.6 

1.003E+00 

1.006E+00 

i.ooeE+oo 

I.OIOE+Op 

1.012E+00 

1.013E+00 

1.014E+00 

1.014E+00 

1.015E+00 

1.0I5E+00 

-.4 

I.OIOE+OO 

1.021E+00 

1.031E+00 

1.040E+ob 

1.047E+00 

1.O53E+O0 

1.058E+00 

1.062E+00 

1.065E+00 

1.074E+O0 

-.2 

1.029E+00 

1.060E+00 

1.0V2t+00 

1.124E+00 

1.153E+00 

1.181E+00 

1.205E+00 

1.226E+00 

1.245E+O0 

1.375E+O0 

0 

1.065E+00 

1.144E+00 

1.232E+00 

1.329E+00 

1.430E+00 

1.534E+00 

1.640E+00 

1.748E+00 

1.856F+00 

.2 

1.127E+00 

1.294E+00 

1.504E+00 

1.759E+O0 

2.062E+00 

2.416E+00 

2.827E+O0 

3.303E+00 

3.851E+00 

.4 

1.217E+00 

1.532E+O0 

1.973E+O0 

2.576E+00 

3.3»8t+00 

4.471E+O0 

5.909E+00 

7.813E+O0 

1.033E+01 

.6 

1.336E+00 

1.877E+O0 

2.725E+00 

4.037E+00 

6.048E+00 

9.115E+O0 

1.378E+01 

2.086E+01 

3.160E+01 

.8 

1.486E+00 

2.354E+00 

3.891E+00 

6.589E+00 

1.131E+01 

1.955E+01 

3.391E+01 

5.893E+01 

1.025E+02 

1 

1.668E+00 

3.005E+00 

5.679E+00 

1.103E+01 

2.172E+01 

4.311E+01 

8.5e9E+01 

1.714E+02 

3.426E+02 

1.2 

1.889E+00 

3.887E+00 

8.421E+O0 

1.877E+01 

4.246E+01 

9.680E+OI 

2.215E+02 

5.079E+02 

1.166E+03 

1.4  ! 

2.156E+00 

5.085E+00 

1.265E+01 

3.237E+01 

8.411E+01 

2.203E+02 

5.790E+02 

1.525E+03 

4.021E+O3 

1.6  ■ 

2.477E+00 

6.715E+00 

1.919E+01 

5.643E+01 

1.684E+02 

5.067E+02 

1.530E+03 

4.629E+03 

1.402E+04 

1.8,  ! 

2.865E+00 

8.943E+00 

2.938E+01 

9.926E+01 

3.404E+02 

1.176E+03 

4.0eOE+03 

1.418E+04 

4.932E+04 

2 

3.333F+00 

1.200E+01 

4.533E+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.378E+04 

1.749E+05 

25 


Mu  \  N= 


Bl(N,r,Bu)  for  r  =  256 

8        16       32 


64 


128 


256 


512 


1024 


INF 


-2 

!   l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

-1.8 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

-1.6 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

-1.4 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

9.9yvt-oi 

9.999E-01 

9.999E-01 

-1.2 

l.OOOE+00 

9.yyyE-oi 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

9.999E-01 

-1 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

-.8 

1,000£+00 

I.OOIE+OO 

I.OOIE+OO 

l.OOlE+00 

I.OOIE+OO 

l.OOlE+00 

l.OOlE+00 

I.OOIE+OO 

l.OOlE+00 

l.OOlE+00 

-.6 

1.002E+00 

1.004E+00 

1.0O5E+O0 

1.0O7E+OO 

i.ooeE+00 

i.ooeE+oo 

1.009E+00 

1.009E+00 

l.OlOE+00 

l.OlOE+00 

-.4 

1.008E+00 

1.016E+00 

1.023e+00 

1.029E+00 

1.035E+00 

1.039E+00 

1.043E+00 

1.046E+00 

1.0486+00 

1.055E+00 

-.2 

1.024E+00 

1.050E+00 

1.077E+00 

1.103E+00 

1.127E+00 

1.150E+00 

1.170E+00 

1.188E+00 

1.204E+00 

1.311E+00 

0 

1.059E+00 

1.130E+00 

1.210E+00 

1.296E+00 

1.388E+00 

1.482E+00 

l.b//t+O0 

1.674E+00 

1.772E+00 

.2 

1.121E+00 

1.280E+00 

1.479E+00 

1.722E+00 

2.009E+00 

2.346E+00 

2.737E+00 

3.189E+00 

3.710E+O0 

.4 

1.212E+00 

1.520E+00 

1.952E+00 

2.541E+00 

3.33?iF+00 

4.394E+00 

5.800E+00 

7.662E+00 

1.012E+01 

.6 

1.333E+00 

1.869E+00 

2.709E+00 

4.010E+O0 

6.003E+00 

9.042E+00 

1.366E+01 

2.068E+01 

3.132E+01 

.8 

1.484E+00 

2.350E+00 

3.881E+00 

6.570E+00 

1.127E+01 

1.948E+01 

3.380E+01 

5.873E+01 

1.022E+02 

1 

1.668E+00 

3.003E+00 

5.673E+00 

l.lOlE+01 

2. 169E+01 

4.305E+01 

8.578E+01 

1.712E+02 

3.421E+02 

1.2 

1.889E+00 

3.886E+00 

8.418E+00 

1.876E+01 

4.244E+01 

9.675E+01 

2.214E+02 

5.077E+02 

1.165E+03 

1.4  . 

2.156E+00 

5.084E+00 

1.264E+01 

3.236E+01 

8.410E+01 

2.202E+02 

5.789E+02 

1.525E+03 

4.020E+03 

1.6 

2.477E+00 

6.715E+00 

1.919E+01 

5.642E+01 

1.684E+02 

5.066E+02 

1.530E+03 

4.629E+03 

1.402E+04 

1.8  . 

2.865E+00 

8.943E+00 

2.938E+01 

9.926E+01 

3.404E+02 

1.176E+03 

4.080E+03 

1.41^+04 

4.932E+04 

2 

3.333E+00 

1.200E+01 

4.533E+01 

1.76QE+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.378E+04 

1.749E+05 

Mu  \  N= 


Bl(N,r,i»u)  for  r  =  512 

8        16       32 


64 


128 


256 


512 


1024 


INF 


-2 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-1.8 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

-1.6 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-1.4 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

-1.2 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

-1 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

-.8 

l.OOOE+OO 

l.OOOE+OO 

l.OOlE+00 

l.OOlE+00 

l.OOlE+00 

l.OOlE+00 

l.OOlE+00 

I.OOIE+OO 

l.OOlE+00 

I.OOIE+OO 

-.6 

l.OOlErOO 

1.003E+00 

1.004E+00 

1.004E+00 

1.005E+00 

1.006E+00 

1.006E+00 

l,006E+00 

1.006E+00 

1.007E+00 

-.4 

1.006E+00 

1.012E+00 

1.017E+00 

1.022E+00 

1.026E+00 

1.030E+00 

1.032E+00 

1.034E+00 

1.036E+00 

1.041E+00 

-.2  ' 

1.020E+00 

1.042E+00 

1.064E+00 

1.086E+00 

1.107E+00 

1.125E+00 

1.142E+00 

1.157E+O0 

1.170E+OC' 

1.261E+00 

0 

1.054E+00 

1.118E+00. 

1.191E+00 

1.270E+00 

1.353E+00 

1.438E+00 

1.526E+00 

1.614E+00 

1.70^+00 

.2 

l.ll6E+(»0 

1.268E+00 

1.460E+00 

1.692E+00 

1.967E+00 

2.290E+00 

2.665E+00 

3.09^+00 

3.598E+00 

.4 

1.209E+00 

1.512E+00 

1.936E+00 

2.516E+00 

3.296E+00 

4.338E+00 

5.721E+00 

7.553E+00 

9.973E+00 

.6 

1.331E+00 

1.864E+00 

2.699E+00 

3.992E+00 

5.973E+00 

8.994E+00 

1.359E+01 

2.056E+01 

3.114E+01 

.8 

1.483E+00 

2.347E+00 

3.875E+00 

6.558E+00 

1.125E+01 

1.945E+01 

3.373E+01 

5.862E+01 

1.02OE+02 

1 

1.667E+00 

3.001E+00 

5.670E+00 

l.lOlE+01 

2.168E+01 

4.303E+01 

8.572E+01 

1.711E+02 

3.419E+02 

1.2 

1.889E+O0 

3.8e5E+00 

8.416E+00 

1.876E+01 

4.243E+01 

9.6736+01 

2.214E+02 

5.076E+02 

1.165E+03 

1.4 

2.156E+00 

5.084E+00 

1.264E+01 

3.236E+01 

8.410E+01 

2.202E+02 

5.789E+02 

1.525E+03 

4.020E+03 

1.6 

2.477E+00 

6.714E+00 

1.919E+01 

5.642E+01 

1.684E+02 

5.066E+02 

1.530E+03 

4.628E+03 

1.402E+04 

1.8 

2.865E+00 

8.943E+O0 

2.938E+01 

9.926E+01 

3.404E+02 

1.176E+03 

4.0e0E+O3 

1.418E+04 

4.932E+04 

2 

.   3.333E+00 

1.200E+01 

4.533E+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.378E+04 

1.749E+05 

26 


Bl(N,r,iu)  for  p>  1024 
fki  \  N>   4       8       16       32 


64 


126 


256 


912 


1024 


BKN.p.iu)  for  r  «  2048 
Mu  \  Nc   4        8        16       32 


64 


128 


256 


512 


1024 


INF 


-2 

l.OOOEtOO 

l.OOOC^OO 

1.000E400 

1.00jDC«00 

1.000E400 

1.000C«00 

1.000E«O0 

1.000E400 

1.0006*00 

1.0006*00 

-1.8 

l.OO0E*OO 

1.00CE«O0 

l.OOOC^OO 

1.00CE«00 

l.OOOE^ 

1.000E«O0 

1.000E4O0 

1.0006*00 

1.0006*00 

1.0006<^ 

-1.6 

l.OOOC^ 

1.OO0E4OO 

1.O00E4OO 

l.OOOE^ 

1.OO0E4OO 

1.000E400 

1.0O0E4OO 

1.OO0E4OO 

1.0006*00 

1.0006*00 

-1.4 

1.000E«00 

l.OOOE+00 

1.000E«00 

1.000E400 

1.000E400 

1.000E4O0 

1.O00E4O0 

1.0006*00 

1.0006*00 

1.0006*00 

-1.2 

1.000E4OO 

1.000E4OO 

1.000E400 

1.000E4O0 

1.000C«00 

1.000C4OO 

1.000E«00 

1.0006*00 

1.0006*00 

1.0006*00 

-1 

1.000E«00 

l.OOOE^ 

1.000E«00 

1.0O0C«OO 

1.000E400 

1.000E«00 

1.000E*00 

1.000E*00 

1.0006*00 

1.0006*00 

-.8 

l.OOOE^OO 

l.OOOE^OO 

1.000C400 

1.000E«O0 

1.000E400 

1.000E«O0 

1.000E400 

1.0006*00 

1.0006*00 

1.0006*00 

-.6 

1.001E«00 

1.0O2E«OO 

1.002E400 

1.003E40U 

1.003E«00 

1.004E«00 

1.004E4O0 

1.004E*00 

1.0046*00 

1.0046*00 

-.4 

1.004E-»00 

1.009E400 

1.013l«00 

1.017E400 

1.020E«00 

1.022E^ 

1.024E«00 

1.0266*00 

1.0276*00 

1.0316*00 

-.2 

LOITER 

1.039E400 

1.054E400 

1.073E400 

l.O90C«O0 

1.106E«00 

1.120E*00 

1.1326*00 

1.1446*00 

1.2206*00 

0 

1.049E«00 

1.108E«00 

1.175E400 

1.24K400 

1.324E400 

1.402E^ 

1.483E«00 

1.5646*00 

1.6456*00 

.2 

1.112E«00 

1.299E4O0 

1.444E«00 

1.668E«00 

1.934E+00 

2.249E400 

2.607E*00 

3.0256*00 

3.5076*00 

.4 

|.206E«00 

1.90SE«00 

1.924E+00 

2.497E+00 

3.268E400 

4.297t*00 

5.663E«00 

7.4726*00 

9.8626*00 

.6 

1.330E4OO 

1.860E«00 

2.693E400 

3.980E400 

5.953E«O0 

8.963E400 

1.354E401 

2.0496*01 

3.1026*01 

.8 

1.482E«00 

2.345E400 

3.872E400 

6.952E400 

1.124E«01 

1.M2E+01 

3.369E-K)1 

5.8556*01 

1.0186*02 

1 

1.667E«00 

3.001E400 

5.668E^ 

l.lOOE^l 

2.167E«01 

4.301E*01 

8.569E401 

1.711E*02 

3.4186*02 

1.2 

1.8e9E^ 

3.885E-H>0 

8.416E^ 

1.876E401 

4.2436*01 

9.672E401 

2.2I3E402 

5.0756*02 

1.1656*03 

1.4 

2.156£«00 

5.0e4E«00 

1.264E^1 

3.236E401 

8.409E+01 

2.202E*O2 

5.789E+02 

1.5256*03 

4.0206*03 

1.6 

2.477E+00 

6.714E«00 

1.919E401 

S.642E««1 

1.684E«02 

5.066£*02 

1.530E+03 

4.6286*03 

1.4026*04 

1.8 

2.865E«00 

8.943E+00 

2.938e*01 

9.926E+01 

3.404€*02 

1.176E+03 

4.0e0E*O3 

1.4186*04 

4.9326*04 

2 

3.333E+00 

1.200E401 

4.53aF+01 

1.760e«02 

6.933E+02 

2.752E*03 

1.097E*O4 

4.3786*04 

1.7496*05 

IfF 


-2   1 

1.0006*00 

1.0006*00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1. 0006+00 

-1.8  : 

1.0006*00 

1.0006*00 

1.0006*00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1. 0006+00 

1.0006+00 

-1.6  8 

1.0006*00 

1.0006*00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

-1.4  : 

1.0006+00 

1.0006*00 

1. 0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

l.OOOE+00 

-1.2  : 

1.0006*00 

1.0006*00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

l.OOOE+00 

1.0006+00 

-1   : 

1.0006*00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

-.8  : 

1.0006+00 

1.0006+00 

1.0006*00 

1.0006*00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

1.0006+00 

l.OOOE+00 

-.6  : 

1.0016+00 

1.0016+00 

1.0026+00 

1.0026*00 

1.0026+00 

1.0026+00 

1.0036+00 

1.0036+00 

1.0036+00 

1.0036+00 

-.4   : 

1.0036+00 

1.0076*00 

1.0106+00 

1.0126*00 

1.0156+00 

1.0176+00 

1.0186+00 

1,0196+00 

1.0206+00 

1.0236+00 

-.2   : 

1.0146+00 

1.0306+00 

1.0466+00 

1.0616*00 

1.0766+00 

1.0896+00 

l.lOlE+00 

1.1126+00 

1.1226+00 

1.1866+00 

0   : 

1. 0456+00 

1.1006+00 

1.1626+00 

1.2296*00 

1.2996+00 

1.3726+00 

1.4466+00 

1.5216+00 

1.5966+00 

.2   ! 

1.1086+00 

1. 2516+00 

1. 4316+00 

1.6486+00 

1.9066+00 

2.209E+00 

2.5606+00 

2.9666+00 

3.4346+00 

.4   : 

1.2046+00 

1.5016*00 

1.9166+00 

2.4836+00 

3.2476+00 

4.2666+00 

5.6206+00 

7.4126+00 

9.7806+00 

.6   : 

1.329k+00 

1.8586*00 

2.6886+00 

3.9726+00 

5.941E+00 

8.9426+00 

1. 3516+01 

2.0446+01 

3.0956+01 

.8   : 

1.482E+00 

2.3456*00 

3.8706+00 

6.5486+00 

1.1236+01 

1.9416+01 

3.3676+01 

5.8516+01 

1.0186+02 

1  t 

1.6676*00 

3.0006*00 

5.6676+00 

1. 1006+01 

2.1676*01 

4.3016+01 

8.5686+01 

1.7106+02 

3.4176+02 

1.2  : 

1.8896*00 

3.8856*00 

8.4156+00 

1.8756+01 

4.2436*01 

9.6726+01 

2.2136+02 

5.0756+02 

1.1656+03 

1.4  : 

2.1566*00 

5.0846*00 

1.2646+01 

3.2366+01 

8.4096*01 

2.2026+02 

5.7896+02 

1.5256+03 

4.0206+03 

1.6  : 

2.4776*00 

6.7146*00 

1.9196+01 

5.6426+01 

1.6846*02 

5.0666+02 

1.5306+03 

4.6286+03 

1.4026+04 

1.8  : 

2.8656+00 

8.9436*00 

2.9386+01 

9.9266+01 

3.4046+02 

1.1766+03 

4.0606+03 

1.4186+04 

4.9-/^+04 

2   : 

3. 3336+00 

1.2006*01 

4.5336+01 

1.7606+02 

6.9336+02 

2. 7526+03 

1.0976+04 

4.3786+04 

1.7496+05 

27 


Mu  \  N» 


BKN.p.Mi)  for    r'  IIFINITT 
8        16       32 


M 


128 


256 


512 


1024 


INF 


-2 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

-1.8 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOC+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

i.oooe+00 

-1.6 

l.OOOE+00 

i.oooe+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-1.4 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-1.2 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOC+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

-1 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

-.8 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-.6 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

-.4 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OC 

l.OOOE+00 

l.OOOE+00 

-.2 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

0 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+00 

l.OOOE+OO 

l.OOOE+00 

l.OOOE+00 

.2 

1.091E+00 

1.210E+00 

1.360E+00 

1.541E+00 

l.WE+00 

2.009E+00 

2.303E+00 

2.642E+O0 

3.033F+00 

,4 

1.198E+00 

1.487E-'00 

1.890E+00 

2.441E+00 

3.184E+00 

4.174E+00 

5.489E+00 

7.231E+00 

9.533E+00 

.6 

1.327E+00 

1.854E+00 

2.680E+00 

3.958E+O0 

5.916E+00 

8.903E+00 

1.344E+01 

2.034E+O1 

3.oeoE+oi 

.8 

1.482E+00 

2.343E+00 

3.867E+00 

6.543E+00 

1.123E+01 

1.940E+O1 

3.364E+01 

5.846E+01 

1.017E+02 

1 

1.667E+00 

3.000E+00 

5.667E+00 

l.lOOE+01 

2.167E+01 

4.300E+01 

8.567E+01 

1.710E+02 

3.417E+02 

1.2 

l.e89E+00 

3.885E+00 

8.415E+00 

1.875E+01 

4.243E+01 

9.672E+01 

2.213E+02 

5.075E+02 

1.165E+03 

1.4 

2.156E+00 

5.084E+00 

1.264E+01 

3.236E+01 

8.409E+01 

2.202E+02 

5.789E+02 

1.525E+03 

4.020E+03 

1.6 

2.477E+00 

6.714E+00 

I.919E+01 

5.642E+01 

1.684E+02 

5.066E+02 

1.530E+03 

4.628E+03 

1.402E+04 

1.8 

2.865E+00 

8.943E+00 

2.938E+01 

9.926E+01 

3.404E+02 

1.176E+03 

4.0eOE+03 

1.418E+04 

4.932E+04 

2 

3.333E+00 

1.200E+01 

4.533E+01 

1.760E+02 

6.933E+02 

2.752E+03 

1.097E+04 

4.378E+04 

1.749E+05 

26 


B2(r,w> 

NJ  \ 

r  »   .0001 

.0003 

.001 

.003 

.01 

.03 

.1 

.3 

.5 

.7 

-2 

1   6.667E-01 

6.667E-01 

6.6676-01 

6.6676-01 

6. 6676-01 

6,6676-01 

6.6676-01 

6.6676-01 

6.6676-01 

6.6676-01 

-1.8 

1   1.112E-01 

1.38SF-01 

1. 7626-01 

2.1956-01 

2.7936-01 

3.4796-01 

4.4316-01 

5.5666-01 

6.2646-01 

6.8896-01 

-1.4 

t   1.874C-02 

2.906E-02 

4.7086-02 

7.3066-02 

1.1836-01 

1.8366-01 

2.9796-01 

4.6936-01 

5.9016-01 

7.0136-01 

-1.4 

■   3.203E-03 

6.196E-03 

1.2766-02 

2.4676-02 

5.0816-02 

9.8286-02 

2.0326-01 

3.9996-01 

5.5726-01 

7. 0616-01 

-1.2 

S.Se6£-04 

1.345E-03 

3.5256-03 

8.4896-03 

2.2256-02 

5.3626-02 

1.4106-01 

3.4446-01 

5.2736-01 

7.0526-01 

-1 

l.OOOE-04 

3.0006-04 

1.0006-03 

3.0006-03 

1.0006-02 

3.0006-02 

1.0006-01 

3.0006-01 

5.0006-01 

7.0006-01 

-.8 

1.862E-05 

A.  9566-05 

2.9496-04 

1.1016-03 

4.6626-03 

1.7356-02 

7.2716-02 

2.6426-01 

4.7496-01 

6.9166-01 

-.6 

3.687E-06 

1.7136-05 

9.2316-05 

4.2806-04 

2.2886-03 

1.0476-02 

5.4386-02 

2.3516-01 

4.5176-01 

6.8086-01 

-.4 

8.121E-07 

4.6786-06 

3.1746-05 

1.8096-04 

1.2046-03 

6.6646-03 

4.1956-02 

2.1126-01 

4.3036-01 

6.6836-01 

-.2 

2.139E-07 

1.S106-06 

1.2606-05 

8.6066-05 

6.9216-04 

4.5076-03 

3.3406-02 

1.9156-01 

4. 1036-01 

6.5466-01 

0 

7.726£-0e 

6.2406-07 

6.0696-06 

4.7456-06 

4.4046-04 

3.2506-03 

2.7426-02 

1.7506-01 

3.9156-01 

6.4016-01 

.2 

3.906E-0e 

3.3976-07 

3.5946-06 

3.0486-05 

3.1006-04 

2.4946-03 

2.3166-02 

1.6116-01 

3.7406-01 

6.2516-01 

.4 

2.590E-0e 

2.3116-07 

2.5306-06 

2.2286-05 

2.3816-04 

2.0206-03 

2.0066-02 

1.4926-01 

3.5746-01 

6.0976-01 

.6 

2.013£-0e 

1.8086-07 

2.0016-06 

1.7886-05 

1.9556-04 

1.7086-03 

1.7736-02 
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